SUMMARY
The effect of intravenously administered air is to cause a large increase in physiological dead space (Severinghaus and Stupfel 1957) which is readily detected as a rapid fall in the end-tidal carbon dioxide partial pressure (PE,co,) or fraction (FE,co,) (Edmonds-Seal, Prys-Roberts and Adams 1971, Tateishi 1972) .
The magnitude of the fall in FE,co, is variously reported; 1·5 ml/Kg of intravenous air in dogs gives a fall which is very obvious (Brechner and Rethune 1971) . Smaller emboli of 0·36 ml/Kg have been reported to give falls of about 0·3 volumes per cent in FE,co, (Edmonds-Seal et al. 1971) . Tateishi (1972) in a prospective study of air t'mbolism in humans, found a marked fall in F E ·CO, in air embolism which was otherwise without signs.
Two cases of asymptomatic air embolism occurring in neurosurgical patients in the sitting position are here described.
MATERIALS AND METHODS
Anaesthesia for posterior fossa exploration was carried out using a relaxant and intermittent positive pressure breathing technique with nitrous oxide, oxygen and 0·5 per cent halothane as the anaesthetic. Gas for continuous CO 2 analysis was drawn off from the outer end of in a Godart Capnograph type ] 7070 infrared carbon dioxide analyser which had been zeroed on 70 per cent nitrous oxide in oxygen in order to minimize the collision broadening effect. The internal calibration system was employed since absolute values of F E'CO, were not considered important as compared with rapid changes in F lC •CO,. Central venous pressure (C.V.P.), E.C.G., Pulsatile blood flow and oesophageal heart sounds were also monitored. The tip of the C.V.P. catheter was placed in the right atrium under X-ray control. A single channel recorder provided a continuous writeout of end tidal CO 2 concentration.
CASE REPORTS
(1) Forty-five minutes after surgery was started on a forty-seven-year-old male patient a sudden decrease in the end tidal CO 2 from 4 per cent to 2·2 per cent occurred over one minute and forty seconds; it returned to 4 per cent after ten minutes and twenty seconds. There were no changes in the other parameters being monitored. In particular, there were no detectable changes in the oesophageal heart sounds.
Unfortunately, the outer end of the C.V.P. catheter was in such a position as to preclude confirmation of air embolus by aspiration without seriously disturbing the surgeon's work. However, the surgeon was aware of the air entering a vein deep in the neck and called for a Queckenstedt manoeuvre while he flooded the wound with Ringer's solution.
(2) A fifty-seven-year-old female exhibited a drop in F E'CO, from 3· 7 per cent to 0·9 per cent one hour and twenty five minutes from the .~llaest1zesia alld Intcllsive Care, 1'0/. Ill, Xo. 1, February, 197·) start of surgery as the surgeon was operating deep in the neck. Again there were no disturbances in the monitored functions. Ten millilitres of froth were aspirated from the C.V.P. catheter which was in the right atrium. The F E'CO, returned to 3· 7 per cent in ten minutes and forty seconds. In neither case was there any sequela attributable to air embolism. 
DISCUSSION
The detection of air embolism occurring during surgery has, until comparatively recent times, rested on the observation of vital signs such as heart sounds and murmurs, the E.C.G., blood pressure, respiratory pattern, C.V.P. and colour as an index of oxygenation. To this may be added the alert surgeon who can see or hear air being aspirated into veins.
More recently two new tools for the early detection of air embolism have been introduced. These are the Doppler flow meter (Michenfelder et al. 1972, Edmonds-Seal and Maroon 1969) and end tidal CO 2 monitoring (Severinghaus and Stupfel1957, Edmonds-Seal et al. 1971 , Tateishi 1972 . Together with monitoring the heart sounds these methods can be considered to give early warning of air embolism.
Heart sounds monitoring has been favourably reported as a means of early air embolism detection (Brechner and Bethune 1971) but in the operating room situation, continuous auscultation by oesophageal stethescope is not always practicable.
Use of the Doppler effect of flowing blood on ultra sound has some practical difficulties. Satisfactory placement of the probe on the chest-wall cannot always be obtained, especially in the obese patient. Its effectiveness must be tested in advance by means of small carbon dioxide emboli delivered via the C.V.P. catheter. Michenfelder concludes that, "the Doppler device detects air embolism sensitively, but imperfectly" (Michenfelder et al. 1972 ).
The two cases reported here show marked falls in FE,co, for air emboli in humans in the sitting position. The emboli were otherwise without physical signs and therefore probably small.
CONCLUSION
Continuous monitoring of F E'CO, is a simple, reliable and sensitive method for the early detection of air embolism in humans in the sitting position.
